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PROCESS FOR DETERMINING THE BIOMECHANICAL 
COMPATIBILITY OF HEAD EQUIPMENT 

BACKGROUND OF THE INVENTION 

5 

1 . Field of the invention 

The invention concerns the ergonomics and safety of head equipment, 
notably incorporating display devices, intended to be worn by aircraft crew. 

10 The use of so-called visionic display devices mounted directly on the user's 
head rather than on the instrument panel has many advantages. For 
example, it is possible to compensate the human vision when ambient light 
conditions become insufficient by means of light-intensifying night-vision 
devices. It is also possible to complement the user's natural vision by 

15 displaying symbols and synthetic images. 

However, these devices incorporating image sources, optical components, 
mechanical parts, etc. have non-negligible weight and substantially increase 
the total load supported by the spinal column. This additional load is 
particularly inconvenient in that its center of gravity does not coincide with 

20 that of the head. Aircraft crews are, moreover, subject to very strong 
mechanical stresses (vibrations, accelerations, ejection thrust, parachute 
opening, crashes, etc.) which further increase the loads to which the spinal 
column is subjected. Moreover, the upper spinal column is known to be 
relative vulnerable to strong accelerations, with a risk of severe injury or even 

25 death. 

The design of head-mounted visionic systems takes into account this type of 
risk in an effort to reduce it to an acceptable level by applying general rules 
and recommendations to limit the equipment mass and better position its 
center of gravity. Figure 1 illustrates an example of this type of 
30 recommendation: the user's head T and the head equipment C are shown in 
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a profile view; the liead is represented by dotted outline and the helmet by a 
solid outline. The center of gravity Cgc of the head equipment is represented 
by a black dot; the center of gravity Cgt of the head is represented by a white 
dot. The white and black arrows represent the respective weights of the head 

5 and the head equipment. The recommendations notably specify that the 
center of gravity Cgc must be located within a zone Z represented by the 
shaded rectangle whose position is specified relative to the head's center of 
gravity (anthropometric relationships of body and body segment moments of 
inertia - Air Force Aerospace Medical Research Laboratory - J.T. 

10 McConville, Ints Kaleps - J. Cuzzi - Dec. 80). 

Knowledge of the position of the head's center of gravity is therefore 
important for head equipment designers. 

2. Description of the prior art 

The equipment characteristics are well defined and relatively easy to 
15 calculate and measure. CAD (computer-assisted design) tools are able to 
calculate, on the basis of the design, the provisional weight of the helmet 
equipment and the position of its center of gravity. On the other hand, it is 
much more difficult to know precisely the mechanical characteristics of the 
user's head. So-called "standard" head models are traditionally used. 
20 However, these models can lead to false conclusions regarding the anatomic 
particularities of certain users and incorrect calculation of the head's center of 
gravity. 

SUMMARY OF THE INVENTION 

The object of the present invention is to overcome the disadvantages of 
25 using a "standard" head - whose biomechanical parameters may not 
correspond to those of the head of a real user - by substituting a 
representative digital model enabling of a more precise calculation of the 
exact position of the center of gravity of the head. 
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More specifically, the object of the invention is a process for determining the 
position of the center of gravity of head equipment worn by a user relative to 
the center of gravity of the user's head, said head equipment including 
display devices, characterized in that said process includes at least the 
5 following steps: 

• Determine the position of the head equipment's center of gravity in a 
first triaxial reference frame; 

• Determine the position of the center of gravity of the user's head by 
using a digital model that takes into account the anatomical data of 

10 the head, this center of gravity being determined in a second triaxial 

reference frame positioned relative to said first triaxial reference 
frame; 

• Determine the position of the head equipment's center of gravity in 
said second triaxial reference frame. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and its other advantages will become 
evident on reading the detailed description below of an embodiment, which is 
non-limitative and taken only as an example, with reference to the attached 
drawings of which: 

20 • Figure 1 shows a profile view of a user's head and head equipment; 

• Figure 2 shows profile and front views of a head with the positions of 
its characteristic anatomical points; 

• Figure 3 shows the lower limit of the head volume delimited by a 
sectional plane; 

25 • Figure 4 shows the lower limit of the head volume delimited by two 

sectional planes; 

• Figure 5 represents the meshing of the head enabling its volume to 
be calculated. 
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MORE DETAILED DESCRIPTION 

Modern 3D anthropometric techniques are already used for personalizing the 
head equipment of aircraft crews. This approach avoids the need to fit head 
equipment with mechanical adjustment means to present the image 
5 generated by display systems to the wearer's eyes, such systems adding 
unnecessarily to the complexity and weight of the helmet. 

One simple way of implementing the invention is to use these existing 
techniques to calculate the center of gravity of the user's head, in which case 
the basic digital model is a three-dimensional mapping of the external surface 
10 of the user's head, the anatomical data then being points on this surface. 

One of the difficult aspects of this mapping is to define a precise triaxial 
reference frame in which the form of the head is perfectly defined, in order to 
be able to calculate the centers of gravity of the head and the equipment in 
the same reference frame. The simplest approach is to define identifiable 

15 anthropometric points, said points enabling the head to be referenced in a 
second triaxial reference frame (O, X, Y, Z) whose position is defined relative 
to the first triaxial reference frame of the head equipment. As shown in figure 
2, the anthropometric points are generally the right and left tragi 4 or the right 
and left infra-orbitals 3 or the right and left occipital condyles 7 or the nasion 

20 2 and the centers of the right and left eye pupils 1. The pupils are particularly 
useful in that they constitute common references with those of the head 
equipment display system. 

The three-dimensional mapping is traditionally performed by optical means 
such as optical cameras or laser-scanning optical scanners. The 
25 anthropometric points mentioned previously are identified simply by colored 
marks or dots affixed to the user's head, in addition to these devices, a color 
camera can be used to display the texture of the head surface and point to 
the various anatomical points of the head. 



Once the three-dimensional mapping is completed, the position of the head's 
center of gravity Cqt can be calculated from this mapping. The position of the 
center of gravity can be calculated from that of the center of volume Cvr of 
the head. 

Among the processes used to perform this calculation, it is possible to 
determine the position of the head's center of volume by applying a first 
process whose steps are illustrated in figures 3, 4 and 5 and detailed below: 

• Select at least one sectional plane Pc delimiting the head volume at 
neck level; 

• Select a common point M in this sectional plane Pc; 

• Mesh the mapping points P of the head's external surface to form 
adjacent triangles, the corners of each triangle coinciding with one 
point P; 

• Decompose the volume of the head into tetrahedra Tj as shown in 
figure 5. each tetrahedron Tt formed by the three points P of one 
triangle and the common point M; 

• Calculate the elementary volume of each tetrahedron Tj\ 

• Calculate the center of volume Cj of each tetrahedron; 

• Calculate the total volume of the head by adding the elementary 
volumes of all the tetrahedra; 

• Calculate the position of the center of volume Cvr of the head by 
calculating the barycenter of the centers of volume Ct of all the 
tetrahedra. 

This first process is quite suitable when the points of the three-dimensional 
mapping are digitized in a standard ASCII-type format, since the calculations 
determining the head's center of volume are a sequence of simple 
elementary operations. 

It is however possible to use a different process to determine the position of 
the head's center of volume. The steps of this second process are: 



6 



• Select at least one sectional plane Pc delimiting the head volume at 
neck level; 

• Create a digital object from the head mapping points and the 
sectional plane, said digital object being exploitable by CAD software 

5 such as EUCLID or CATIA; 

• Calculate the position of the center of volume Cvr using this software. 

This second process has the advantage of being able to use the head's 
digital model as a CAD object, which then makes it possible to perform 
simulations such as the positioning of head equipment on the user's head. 

10 Whatever process is chosen, the sectional plane Pc delimiting the head at 
neck level can be unique. It is then determined substantially by the left 
gonion 5, the right gonion 5 and the inion 6, as shown in figure 3. 

The head can also be delimited at neck level by a combination of two 
sectional planes Pc and P"c, the first sectional plane P'c delimiting the 

15 volume of the head to the front, the second sectional plane P"c delimiting its 
volume to the rear. The first sectional plane is defined substantially by the left 
and right gonions 5 and the right and left occipital condyles 7; the second 
sectional plane is defined by the right and left occipital condyles 7 and the 
inion 6. In this case, the common point M preferentially lies on the 

20 intersection of these two sectional planes P'c and P' c, as shown in figure 4. 

Knowing the position of the center of volume of the user's head, the position 
of the head's center of gravity can be deduced in the second triaxial 
reference frame of the head by using the following formula for each of the 3 
coordinates Xcgt, Ycgt and Zcgt of the head's center of gravity: 

25 Xcgt = Ax . Xcvt + Bx - L + Cx . I + ... 

Ycgt = Ay . Ycvr + By . L + Cy . I + ... 
Zcgt = Az - Zcvr + Bz . L + Cz . I + ... 



where: 
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• XcvTi YcvT, ZcvT are the coordinates of the head's center of volume; 

• Ax, Bx. Cx.... are factors determined from measurements previously 
carried out on human heads by biomechanics laboratories and 
enabling a correlation to be established between the head's center of 

5 gravity and its center of volume; 

• L, I are respectively the length and width of the user's head, as 
shown in figure 2. 

More generally, the position of each of the three coordinates of the head's 
center of gravity in the second triaxial reference frame is obtained by the sum 
10 of products of two factors, the first factor being a constant, the second factor 
being an anthropometric parameter of said head. 

It is also possible to determine the head's center of gravity using a digital 
model that gives not only the three-dimensional mapping of the head, but 
also the volumetric and densitometric characteristics of its various 
15 constituents (skull bone, brain, cavities, etc.). These data are obtained, for 
example, using NMR (Nuclear Magnetic Resonance) tomographic imaging 
means. 

When the volume, weight and position of the center of gravity of the user's 
head are known, these data can be input to bio-numerical simulation tools 

20 such as, for example, the PAM-SAFE software developed by PAM SYSTEM 
which can be used to create a digital model representative of each user. By 
applying stresses representative of real flight conditions on this digital model, 
the stress tensor at the head-neck interface can be computed. It is then 
possible to assess the risk for each user of wearing head equipment, taking 

25 account of injury criteria associated with acceptable stresses. 

The result of this analysis can be exploited in several ways, for instance to: 

• Optimize the characteristics or position of the head equipment during 
its personalization in order to reduce the risks of injury. 
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Determine the limits of use of equipment and adapt its operational 
scope. 

Configure the control parameters of an ejection seat or the shock 
absorbers in an anti-crash seat adapted to the specific characteristics 
of the user. 

Identify users for whom the risks of injury during flight is too high. 



